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(57) Abstract: The invention relates to an arrangement for the quantitative analysis of respiratory gases to and from a patient con- 
nected to a respirator for breathing assistance, wherein the arrrangement includes an adapter (1) having connectors (4) for connection 
to a respirator or the like, and connectors (3) for connection to a hose (13) leading to the patient According to the invention a connec- 
tion for a measuring head (2) for a gas analyser is provided in the adapter (1 ) between the respirator connector (4) and the connectors 
(3) for connecting said hoses to the patient, wherein the measuring head connection includes two windows (7) through which rays 
of light from the measuring head (2) can pass; and in that the adapter (1) also includes a connection (16) for a fuel cell (18) for 
measuring the oxygen gas content of the respiration gases. 
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Device at quantitative analysis of respiratory gases 



The present invention relates to an arrangement pertaining to 
5 the quantitative analysis of respiratory gases to and from a 
patient connected to a respirator for breathing assistance. 



With regard to gas analysis carried out in connection with 
respiratory care, a distinction is made between two principle 
10 types of gas analysers , i.e. between lateral flow measuring 
analysers and main flow measuring analysers. The lateral flow 
measuring analysers take a minor sample flow from the respi- 
ratory circuit of a patient to an adjacent instrument in 

which the actual gas analysis takes place, wh ereas the main 

% 

is flow measu ring analysers ca 1 cul a t e the ga s ,,_concent r a t ion s 

directly in the respiratory circuit of the patient. The main 

^ „ ...» , , . — > — — > — '- — *♦-> — — — ■ — . 

flow measuring analyser is normally placed a.s close as possi- 
ble to the patient's mouth or trachea, for reasons of accu- 
racy. 

..-> 

20 

The main flow measuring analysers can be made less expensive, 
smaller, more energy-lean and more responsive than the lat- 
eral flow measuring analysers, since the need for sample flow 
handling {pumps, hoses,, etc.) is obviated. Consequently, the 
25 main flow measuring gas analysers are preferred over the 
lateral flow measuring analysers. 

Various requirements for gas analyses exist in health care. 
For example, it is sufficient to monitor breathing of a pa- 
30 tient with a simple carbon dioxide analysis in the case of 

i 

emergency care, whereas it is often desired to measure and 
monitor a greater number of patient gases, such as carbon 
dioxide, oxygen gas, nitrous oxide and one or more of the 
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anaesthesia agents Halothan, Enfluran, Isofluran, Sevofluran 
and Desfluran in the case of patient anaesthesia. 

For reasons of a technical nature, it has been difficult to 
develop main flow measuring patient-gas analysers other than 
for carbon dioxide. Although such analysers have found a 
broad use spectrum in emergency care in particular, the use 
of lateral flow measuring analysers has been referred to in 
other care aspects, such as intensive care and anaesthesia, 
for instance, due to the technical problems that occur. 

Respiratory gases can be analysed in accordance with differ- 
ent measuring principles. The most common method of gas 
analysis, however, is through the medium of non-dispersive 
spectroscopy. This measuring principle is based on the fact 
that many gases absorb infrared energy at a wavelength spe- 
cific for the substance concerned. Main flow measuring gas 
analysers based on non-dispersive spectroscopy measure light 
absorption at specific wavelengths directly in the patient's 
respiratory circuit. An earlier known design of one such gas 
analyser is described in W091/18279 Al, for instance. In the 
case of this gas analyser, a broadband infrared light beam is 
allowed to pass through the patient's respiratory circuit. 
The light beam is then divided by a beam splitter into two 
beams, which are registered by two separate detectors pro- 
vided with optical bandpass filters having mutually different 
centre wavelengths. One detector is used to calculate the 
intensity of the light beam at the absorption wavelength of 
the analysis substance, whereas the other detector is used to 
calculate a measurement of the reference intensity of the 
light beam at a wavelength different from the absorption 
wavelength of the analysis substance. This type of gas ana- 
lyser is well suited for the analysis of individual gases, 
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such as carbon dioxide, for instance. However, intensity 
losses in the beam splitter and the size of the beam splitter 
make this type of analyser unsuitable for the multigas analy- 
sis based on main flow. 

5 

Unfortunately, oxygen gas exhibits no marked absorption 
within the infrared range and, in respect of oxygen gas 
analysis, there are normally used fuel cells or analysers 
that utilise the paramagnetic properties of oxygen gas. These 
10 latter solutions are highly shock sensitive, which makes them 
unsuitable for main flow measuring analysis. 

Fuel cells are comprised of a gold cathode and a lead cathode 
surrounded by an electrolyte protected by a membrane through 

15 which oxygen-gas diffuses into the cell. The current gener- 
ated by the cell is directly proportional to the partial 
pressure of the oxygen gas. The response time of the cell is 
dependent on the design of the membrane and its thickness, 
and also to the extent to which the gas yield is permitted to 

20 take place nearest the membrane. However, response times are 
normally in the magnitude of from one to ten seconds. Re- 
sponse times of such long duration have made it difficult to 
use fuel cells for registration of oxygen gas that is dis- 
solved during main flow measuring gas analysis. 

25 

Accordingly, the object of the present invention is to pro- 
vide a novel arrangement which enables respiratory gases to 
be measured and analysed effectively in one and the same 
measuring sequence by non-dispersive spectroscopy and, at the 
30 same time, also to measure and analyse oxygen gas. 

This object is achieved with a gas analyser that includes an 
adapter which has connectors for connection to a respirator 
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or the like, and connectors for connecting a hose that leads 
to the patient, wherein, in accordance with the invention, 
the adapter includes a measuring head connection between the 
respiratoT^connector and the connectors for connection of the 
patient hoses,, wherein the measuring head connection includes 
two windows_through which light rays from the _mea^ring_head 
caiTpassi and wherein the adapter also includes a connection 
for~a~fuel cell for oxygen gas analysis. 

According to particular embodiments of the inventive gas 
analyser, the analyser is designed so that it can be used to 
moisten the respiratory gases, or is provided with a bacteria 
filter for preventing analyser contamination. 

The invention will now be described in more detail with ref- 
erence to a non-limiting embodiment thereof and also with 
reference to the accompanying drawings, in which Pig. 1 is a 
schematic perspective view of an inventive arrangement with 
associated measuring head; Fig. 2 is a schematic illustration 
of a patient connected to a respirator with the aid of the 
inventive arrangement; and Pig. 3 is a schematic sectional 
view of an adapter according to the invention. 

Thus, Fig. 1 shows a gas analyser constructed in accordance 
with the invention and comprising an adapter 1 and an associ- 
ated measuring head 2. The adapter 1 has essentially the form 
of an elongate tube made, for instance, of a plastic mate- 
rial. The adapter 1 has at one end a connector 3 for a hose 
that leads to the patient. The other end of the adapter car- 
ries a connector 4 for a respirator or the like. Located 
between the two connectors 3, 4 on the adapter 1 is a central 
portion 5 which is designed to accommodate the measuring 
head. To this end, the central portion 5 includes two mutu- 
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ally opposing planar surfaces 6, each of which includes a 
respective window 7 comprised of transparent film. 

The measuring head 2 includes a central aperture 8 which 
5 extends from one side of the measuring head so as to enable 
the measuring head to be pushed over the central portion 5 of 

t 

the adapter. To this end, the aperture is provided with two 
mutually opposing, generally planar and mutual parallel sur- 
faces 9 that face inwardly towards the aperture. Respect ive 

10 p lanar s urf ac^ 9_on_the , measuring head 2 are provided with a 

1 i gjrfc transitu 1 1 e r and a light receiver 10 for transmitting 

and receiving infrared light respectively. The light tran s-' 
mitter and light receiver are c onnec ted by ^_signal cable 11 
to a measuring instrument that analyses the signals obtained 

15 from the r eceive r. The planar surfaces 9 on the measuring 
head 2 and the planar sides 6 of the central portion 5 of the 
adapter 1 are mutually designed and dimensioned so that the 
measuring instrument 2 will be positioned precisely when 
mounted on the adapter 1, so that light emitted by the light 

20 transmitter 10 is able to pass through the central portion 5 
of the adapter and through its window 7, and reach the light 
receiver without being influenced by anything other than that 
which passes through the interior of the central portion 5 of 
the adapter, 

25 

As mentioned above, a fuel cell is provided in the central 
portion 5 of the adapter for measuring the oxygen gas content 
of the expiration air. To this end, a connection 16 to which 
such a fuel cell 18 can be connected is provided in one side 
30 wall of the central portion 5 that contains no window 7. 



Fig. 2 illustrates a patient connected to a respirator with 
the aid of the inventive arrangement. It will be seen that 
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10 



!5 



20 



25 
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respirator hoses 12 are connected to the adapter connector 4 
and that a patient hose 13 is connected to the patient from 
the second adapter connector 3. 

Fig. 3 shows how a fuel cell 18 provided with an O-ring seal 
19 can be fastened to the central portion 5 of an adapter. 
Also shown in the figure is the internal channel 20 of the 
central portion 5 through which the respiratory gases flow to 
and from the patient. The internal channel may conveniently 
be provided with a flow directing means 21 for guiding part 
of the respiratory gases towards the fuel cell 18 and thereby 
reduce the step response of the oxygen gas measuring process. 

As will be seen from Fig. 1, the adapter 1 also includes a 
passive respiratory gas humidifier or breath moistener 14 
between its central portion 5 containing the planar sides 6 
for receiving the measuring head and the windows 7 on the 
planar surfaces, and the connection 3 for connecting the 
adapter to the patient hose. This passive humidifier may be a 

■ 

so-called HCH, Hygroscopic Condensation Humidifier, or an 
H.ME, Heat Moisture Exchanger, of the types generally used in 
respiratory care. These devices moisturise the respiratory 
gases by capturing moisture, and to some extent also heat, as 
the patient breathes, and then return the moisture to the 
inspiration air as the patient breathes in. Because the pas- 
sive respiratory gas humidifier 14 is situated between the 
patient hose connection 3 and the central portion 5 of the 
adapter, the expiration gases will be dehumidified when en- 
tering the central portion, where the windows 7 are situated, 
therewith preventing the occurrence of condensation on said 
windows and also enabling the expiration gas flowing through 
said central portion 5 to be analysed in a known manner with 
the aid of the measuring head 2. The passive humidifier 14 is 
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placed in the adapter in the form of a piece of wadding or a 
roll impregnated with a hygroscopic salt and inserted through 
the open end of the connector 3. 

5 In addition to the humidifier 14, the adapter 1 may also 
include bacteria filter 15 situated between the humidifier 14 
and the central portion 5. The filter 15 enables bacteria to 
be removed from the expiration gas, so that, e.g., the oxygen 
gas concentration can be measured with the aid of a fuel cell 

10 without danger of cross contamination between different pa- 
tients. 

As an alternative to the bacterial filter in the main flow of 
the adapter 1 as described above, the connection 16 may be 
15 provided with a separate bacterial filter 17, for instance in 
the form of a membrane, as a protection against cross- 
contamination. 

As a further prevention against cross-contamination, a bacte- 
20 ria filter may be arranged in both the main flow, between the 
patient connection 3 and the central portion 5 of the 
adapter, and also in the fuel cell connection 16. 

The inventive adapter may conveniently be injection-moulded 
25 from plastic material and therewith be produced for one-time 
use at a relatively low cost. The measuring head casing may 
also be produced from a plastic material although not for 
one-time use, since the measuring head is used together with 
the measuring instrument and is not affected or contaminated 
30 by the respiratory gases- 
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CLAIMS 



1. An arrangement for the quantitative analysis of respirato- 
ry gases to and from a patient connected to a respirator for 
breathing assistance, wherein the arrangement includes an 
adapter (1) having connectors (4) for connection to a respi- 
rator or the like, and connectors (3) for connection to a 
hose (13) leading to the patient, characterised in that a 
connection for a measuring head (2) for a gas analyser is 
provided in the adapter (1) between the respirator connector 
(4) and the connectors (3) for connecting said hoses to the 
patient, wherein the measuring head connection includes two 
windows (7) through which rays of light from the measuring 
head (2) can pass; and in that the adapter (1) also includes 
a connection (16) for a fuel cell (18) for measuring the 
oxygen gas content of the respiration gases. 

2. An arrangement according to Claim 1, characterised in that 
the measuring head connection includes two mutually opposing 
planar sides (6) in which the windows (7) are located; and in 
that the measuring head (2) includes a central aperture (8) 
that has two mutually facing planar surfaces (9) for seal- 
ingly mounting the measuring head over the planar sides (6) 
of said connection. 

3. An arrangement according to Claim 1 or 2, characterised in 
that the adapter (1) includes a flow directing means (21) for 
guiding part of the respiratory gases towards the fuel cell 
(18) . 

4. An arrangement according to any one of the preceding 
Claims, characterised in that the adapter includes a passive 
respiratory gas humidifier (14) between the respirator con- 



WO 03/017837 



9 



PCT/SE02/01S28 



nector (4) and the connectors for connecting the hoses to 
said patient. 

5. An arrangement according to any one of the preceding 
Claims, characterised in that the adapter includes a bacteria 
filter (15; 17) for protecting the fuel cell (18) from bacte- 
ria present in the respiratory gases. 

6. An arrangement according to Claim 5, characterised in that 
the bacteria filter (15) is located in the adapter (1) be- 
tween the connectors (3) for connecting said hoses to the 
patient and the measuring head connection (2).. 

7. An arrangement according to Claim 5, characterised in that 
the bacteria filter (17) is located at the fuel cell connec- 
tion (16) . 

8. An arrangement according to any one of the preceding 
Claims, characterised in that the adapter (1) is injection 
moulded from a plastic material. 
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